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HEMODYNAMIC ALTERATIONS DUE TO SALMONELLA TYPHOSA -
ENDOTOXIN WiiH SFECIAL REFERENCE TO THE
CORONARY VASCULAR BED

L INTRODUCTION

The general physiological and more detailed hemodynamic alter-
ations produced in animals by bacterial endotoxins have been reviewed
by Thomas (1) and Giiberz (2). It has been shown that following the
administration of endotoxin there is a fall in cardiac output which is
accompanied by a decrezse in auricular {illing. Despite the extensive
literarure on the hemodynzamic effects produced by endotoxin in various
vagscular beds, little attextion has been given to the study of its action
on the coronary circulation. o . '

In Gilbert's review {2), it was held that there was 'no evidence to .

date to support the view that endotoxin had any important effect on myo-
cardial function.” More secently, however, Maxwell and his associates

- {3) demonstrated by catheterization techniques that there was a decrease

ir the coronary blood flow and cardiac efficiency associated with an in-
crease in myocardial oxygen utilization following endotoxin. There
was, however, no significant change in the calculated resistanc: to
flow through the coronary vascular bed.

This paper reports changes in resistance to flow through the
coronary vascular bed of the dog produced by local administration of
the endotoxin of Salmonelia typhosa 0901." Resistance was calculated
from measurement of corocnary perfusion pressure with the rate.of
blood flow to the coronarv vascular bed held constant. The heart was
beating but performing no external work., - - - o e e

IL.. MATERIALS AND METHODS

The study included 2 total of 20 mongrel dogs ranging in weight
from 10 to 18 kg. The animals were anesthetized with sodium pento-
barbital (35 mg/kg), and artificially ventilated through a tracheal
cannula. The heart was exposed through the right fourth intercostal
space. Heparin sodium (3 mg/kg) was injected intravenously and plastic
cannulae were introducecd into the superior and inferior venae cavae bY
way of the right atrium (Fig. 1, page 2). A rotating disc oxygenator,

-

1 Kay-Cross disc oxygexiator. Pemco Inc., Cleveland 31, Ohio.
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ABSTRACT
HEMODYNAMIC ALTERATIONS DUE TO SALMONELLA TYPHOSA

ENDOTOXIN WITH SPECIAL REFERENCE TO THE
CORONARY VASCULAR BED ' '

OBJECT

The experiments were designed to derermine the effect of gram-
negative bacterial endutoxin on the coronary vascular bed of the dog.
RESULTS

ot ettt ity

~ When endotoxin was injected into the coronary arteries of the

"beating, non-perfusing dog heart under conditions of constant coronary

blood flow, there was a proygresasive decrease in the coronary vascular
resistance and tctel peripharal resistance.

CONCLUSIONS

This study provides evidence which indicates that gram-negative
bacterial endotoxins can exert an important effect on coronary vascular
resistance and total peripheral resistance.

RECOMMUIENDATIONS

" The effect of endotoxin on coronary vascular resistance should be

studied in the denervated, regitimized, and antihistaiuine treated dog

the coronary vasculature.
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o blood heat exchanger, 2 and tlood pu.mp3 were interposed between the
m cannulae and the lcit femoral artery, and the body was perfused with
- oxygenated blood a. 37°C, at the rate of 80 to 90 m!/kg/min. At this

point in the procedure positive pressure respiraticr. was terminated.
Coronary venous blood was collected from the right side of the heart
with a cannula threaded threugh the tricuspid valve and this blood was
- returaed to the venous limb of the perfusion circuit. Left heart blood
' {from arterioluminal, ThelLesian, and bronchial vessels) was collected
with another cannula inserted into the left atrium and left ventricle
through a sucerior pulmonary vein.

The coronary vascular bed was perfused at a constant flow rate
with a second pamp? interposed between the right femoral artery and
the ascending aorta (Fig. 1). After setting the pump in motion, the
aorta and pulmonary artery were cross-clamped approximately 3 cm
from the heart. > This diverted the output of the pump through the
entire coronary vascular bed. Idence, coronary perfusion was never

. interrupied. Perfusion pressure was measured with a resistance wire
y- pressure transducer. The external carotid artery was needled for
measurement of systemic arterial piressure. The electrocardiogram
was recorded throughout the experiment. i

In ten dogs, 0. 6 mg/kg of purified lipopolysaccharide (endetnxia)
. from S. typhosa 09016 was injected in one bolus of fluid, usually less
. than 2 mi, into the coronary perfusion circuit.. Coronary perfusion
B pressurz2 and systemic arterial pressure were monitored over the
N succeeding 30 minutes with a two-channel direct writing recorder.
In a second series of ten dogs, 1 ml of pyregen-{ree water waa injected
into the coronary perfusion circuit and pressures were likewise re-
!' corded for the subsequeni 30 rainute period.

Zl}lood Heat Exchanger, Ward Laboratories, Durham, North Carolina.
3sigmamotor Pump, Model T-65, Sigmamotor Inc., Middleport, New

York, . e :
[: ‘ 1Sigmamotor Pump, Madel T:6, Sigmamotor Inc., Middleport, New

York. The pump was independent of pressure over the ranges en-
{ countered and was pre-calibrated to deliver ten different rates of flow.
R 5Post-mortem tects showed the aortic valves to be campetent to

‘ pressures in excess of those encountered.

- 6pacto Lipoplysaccharide, Difco Laboratories, Inc., Detroit 1,
% Michigan. ‘

7sanborn Model 60, Twin-Viso, Sanborn Company, Waltham,
Massachuseits.
3

::,'::
f--.
o
o

L

|

——— et —— - ———————— 1t e s 20 - m——— - - - ctraean e -




In five of the ten experimental animals, blood was simultaneously
withdrawn from the coronary artery, coronary vein, and pump-oxygenator
before and 30 minutes [ollowing the injection of endotoxin. These blood
samples were analyzed for oxygen and carbon dioxide content, serum
soditm and potassium concentrations, heiniiocrit and hemoglobin con-
centration by the Van Slyke mancometric methed, ilame photometry,
microcapillary centrifugation, and photometric meathod, respectively.

Since vena cava and right heart pressures remained atmospheric,
‘the resistance to flow through the coronary vascular bed end systemic
circulation were calculated by dividiny perfusion pressure by the rate
of blood flow and was expressed as mm Hg/ml/min.

The preportion of time spent by the ventriclas in systole was

estim.ited by using the following formula: per cent of tirne spent in
(7] ~ >
systole = OT intezvai x nan aber beats per min + 100

60

At the conclusion of the experiments the animals were sacrificed
and subjected to gross and microscopic pathologic examin- tion.

Irl. RFSULTS

Coronary arterial pressure and resistance. There was no
significant change in the coronary arterial pressure and resistance in
e control animals given pyrogen-free water (Fig. 2). Following the
injection of endotoxin (Fig. 2Z) coronary arterial pressure grogressively
decreased in nine dogs and remained ¢ssentially unchanged in one.
The average arterial resistance prior to the administration of endotoxin
was 0. 95 mm Hg/ml/min, and resistance values at 5, 19, 15, 20, 25,
and 30 minutes following endotoxin were 0, 91, 0,89, 0.81, 0.75, and

th

- 0. 71 mum Hg/ml/min, respectively. The average resistance at 30

minutes was 25 per cent less than the average control value (p < 0.01),

Systemic arterial pressure and resistance. There was no change
in the systemic arterial pressure or calculated. resistance in the control
animals given pyrogen-free water (Fig. 3, page 6). Systemic arterial
pressure decreased in nine animals and remained essentially unchanged
in one dog following adminittration of endotoxin (Fig. 3). The average
control pressure was 65 mm Hg. Thirty minutes after endotoxin, the
pressure had fallen to an average of 47 mm Hg. This represented a
29 per cent decrease in total nenphpral resistance {p < 0. 01)

Electrocardiographic changes. The effect of endotoxin upon heart
rate and QT interval were of importance because they perrmitted an

4
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Fig. 3. Systemic vascular pressure changes in ten experimental ani-
mals following administration of S. typhosa endotoxin (0. 6 mg/kg) and
in ten control animals following admiristration of 1 ml of pyrogen-free

water. Numbers represent calculated values for total peripheral re-
sistance.

inference to be made regarding coronary vascular transmural pressure.
Using the QT interval and heart rate it was found that there was no
significant differcnce in the per cent of time and ventricles spent in
systole {Table I). The electrocardiograms of those animals given en-
dotoxin revealed non-specific T-wave abncrmalitizs and premature
ventricular contracticns. Two dogs developed complete heart block
concomitantly with massive intrapleural hemorrhages. Another animal

developed intermittent mins of various types of intraventricular conduc-

tion defects. These latter animals had myccardial hemorrhages,

Myocardial metabolism.” There were no significant changes in
arterial and venous hematocrit, in‘l e concentrations of sodium and
potassium, and hemoglobin following endotoxin. The A-V differcnce
for oxygen and carbon dioxide both increased siightly (0.8 volumes per
cent and 1. 8 volumes per cent, respectively) but neither increase was
statistically significant (Table I).

6
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Traef

Tof LEFEDT OF INTRACQRO-ARY INJECTION OF ENJOTOXIN ANG PYROGEN-FREE
OLTER D% Tef BER CLINT IT TIME SPENT BY THE . VEVSRICLES IN SYSTOLE®

. - CONTROL CN")OTQXLV S~
' . Ner Cezt Time T ' P r l' nt Time
tog Ne _Henrt 3::e in. Syeiale Trog Ho. Seart Ha n S
1 7 rin 30 min J wmin 30 rin ds3in 30min O win 30 win
1 ind 150 59 67 1 133 140 56 51
2 120 147 74 70 2 140 40 5% %
3 130 13¢ 4 39 3 10 130 65 68
4 150 L 45 45 4 120 200 io 46
5 20 58 3 13 5 1o 140 sl 51
[ 120 148 56 56 5 130 70 51 39
7 110 138 €5 67 7 166 160 64 64
8 150 Ch] 53 53 8 107 55 43 32
3 0 135 48 47 9 165 155 £3 T2
_1n . 140 136 65 23 10 140 130 70 72
s e : j )
- Averaae 125 1 5 55 138 132 % 55
3 : *Cajeutcticn: per c-at cf time speat in systoh-.-: OT intersal x bheart rate 100
c . - ]
E]
o) -
- _ ’ ~TAeLe II .
3 ' CCRONARY OXYGEN C3%SUMPTION AND CARBON DIOXIDE PRquT‘W
- ©IN JCGS TREATED WNITH SALMONELLA TYPHOSA ENDOFOXIN
.. : . ’ .
- : A-V Oxvoen AV Corton Dipxide
! o Doy Ne. Control Exptl. Dif. Centrol Exptd., Dif.
‘ 9.9+ 9. L-01 101 109 0.8
3 7.0 7.3 0.3 N 6.6 0.2
6 8.9 9.4 0.5 3.0 5.3 2.3
7 2.5 4.0 1.3 1.7 6.8 52
[} 5.6 - 8.2 1.5 5.2 6.0 0.8
Average 7.0 7.8 0.2 5.3 L 1.8

- *Volure ger cent.

s
[
}

x

Post-mortem examinations..-Free blood was found at autopsy in

all body cavities of animals treated with endotoxin, There was passive
congestion in the liver and spleen. The mucous membranes of the gall
L bladder, stomach, and spleen were edematous and hemorrhagm. Omental
vessels were markedly dilated. Glandular tissues, including the ;pleen,
pancreas, adrenals, and testes were hemorrhagic and congested. There
were areas oi hemorrhage and petechiae over the surface of the heart
There were no abnormalities of these types found on examination
of animals injected with pyrogen-iree water.

 {

 Seauts - ad
T P - ‘a .

oy

a
St
-

R Al
,..'.’.‘_- LA

oM snemriemtim 0 st e e e e e s e s s e s e e i v oe < e oete o e oevee e o aen GRS e e e v e b me e et
N B



e e e ————— v "

Iv. DISCUSSION

These studies show that the injection of the endotoxin of S. typhosa
0901 into the coronary vascular bed of the dog perfused at a constant flow
results in a progressive decrease in coronary vascular resistance. This

resistance decrease probably results from active vasodilation either

due to a direct effect of the endotoxin on vascular smooth muscle or to
an indirect effect through some remote action of the endotoxin.

A decrease in vascular resistance can be due either to vasodila-
tation or a decrease ir blood viscusity. However, since hematocrit and
temperature remained unchanged throughout the experiments, resistance
changes due to viscosity seer unlikely. It is highly improbable that the
observed resistance changes were due to thé effects of viscusity as in-
fliuenced by the non-Newtorian character of blood, since both pressures
and flow rates were within physiological limits (4).

The electrocardiographic measurements suggested that the de-

‘crease In vascular resistance was due to active vasodilatation evoked by

changes in the tone of smooth muscle rather than by changes in coronary
transmural pressure. -Since there was no significant decrease in the

- time spent by the ventricles in systole {calculated from the QT interval

and heart rate), it may be inferred that the extraluminal intramyoccardial
pressure did not change. "With no change in the extraluminal pressure
the obscrved decrease in resistance must have resulted from active
vasocilatation. Even though the amount of endotoxin given ‘/as less than
that used in previous studies, it is likely that because the endotoxin was
injected directly into the coronary arteries, the concentration achieved
in the myocardium was higher. Endotoxin, therefore, has an effect on
the coronary vascular bed. :

Gilbert (2) suggests that the effect of endotoxin on resistance with-
in individual vascular beds may be more inmipor<ant than its overall effect
on the total peripheral resistanc:. Studies have been reported onscveral
vascular beds including the liver (5), intestine (6), lung (7), kidney (8),
and forelimb (9, 10). These studies indicate that there are two phases
of the vascular response to endotoxin--an early, transitory phase of in-
creased resistance and a longer phase of lowered resistance. Contrary
to these studies, we were unable to demonstrate an increase in vascular
resistance in the early phase. There was a progregsive decrease in
resistance over the entire 30 minutes of the experiment. Whether the
decreased resistance was due to a direct action of the endotoxin on the
vascular bed or was secondary to a release of vasoactive substances
could not be determined during these experiments. A previous study
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reported from this laberatory (11) has shown that slight increases iz
local serum potassiura actively dilate the coronary vascular bed oi .zhe
dog. There was, however, no detectable change in sexum potassiurx
following endotoxin in this study.

It has been suggested (5, 12) that hypotension induced by endo—-
toxin is primarily brought about by a diminished venous return and tina:
calculated total peripheral resistance may even rise following the zaz=-
minictration of endotexin (13). FHinshaw and his associates {(14), on
the othcr Fand, have demonstrated a significant fall in total peripherTzl
resistonce mn evisce cxted and noneviscerated dogs following the ad-
ministration of endotoxin. Utilizing a similar technique, the 29 per=
cent {al! in lotal peripheral resistance demonstrated in our-experimasnt:
is in close agreement with the 23 per cent reduction in total pe *1p‘n:::‘_.
resisiance reported by Hinshaw et al. in both studies contrel animno.s
dernonstrazed no significant c‘\.xm,e in total peripheral resistance. “ln-
progressive decrease ia the bleod ievel in our oxygerator during stutliss
involving the use of endotoxin indicated that there was a s1g,n1f1cant
amount of vascular pooling. These results indicate that hypotension
induced by endotuxin may be brought about by both a peripheral verouvus
pooling of blood with a consequent diminrished return to the heart, aws
well as by a decrease in arteriolar tone.

’ -

The impression of Maxwell and his dssociates (3) tnat the in-
creased uptake of oxygen by the myocardium was due to decreased bHYicod:
flow appears to be substantinted by our results, When the blood flow«: zr~
mained uachanged, as in this study, no significant change in the myrmo-
cardial oxygen uptake was obscrved.

V.  SUMMARY AND CONCLUSIONS

Under the conditions of t:'28. experiments (constant coronary - biced
flow in a beating, non-perfusing heart) the administration of 0. 6 mg; ‘kz
R 4 . L] C . . .
of S. _gyohosa. endotoxin directly into the coronary arteries resulted ‘<n a
progressive decrease in coronary vascular resistance and total pe- -

riphe ral resistance.

"“hc observed decreases in coronary vascular and total periphesra
regsistances appea.rcd to be due to active vasodilatation.
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of The Surgeon Genercl, lwepartrent of the Arzy, Washington 25, D. C. Artn: MIDPD-NP

Cor:arding General, US Aroy Vedical Resaarch and Developrent Cocrand, Voin .\avy Ruilding.
dcshington 25, DL C. '

s Sroup, ATO 388, Son Froecisco, California, Attn: Surgeom |

Cormanding General, | C
b figistical Comrand, APC 812, San Francisco, Celifornia, Attm:

Corranging General, 7t
Surgeon

Cormending General, Eight: Taited States Arny, APO 301, San Francisco, Colifornia,
Attn: Surgeon :

Corranding General, US arsy, Hawaii . APO 957, San Francisce, (alifernia, Attn: Surgedn
Cerminding General, US Ar=y. Jopan, APO 343, Son Francisce. Califorpie. Attn: Surgeon

Cormanding General, US Arzy, Ryukyu Islands/IX Corps, APO 331, San Fremcisco, California,
Attn: Surgeon

Cerrander in Chief, US Rroy, Pecifie, AFO 958‘ San Francisco, California, Attn: Surqeou
Fitzsirvons General Hospit:zl, Vecical Technical Library, Denver 30, Coloraco

Fitzsizons General Hospitzl, US Army Vedical Reseorch ond Nutrition Lakoratory, Denver
30, Colosado

Letterran General Hospitzl, Mxdical Library, Presidio, San Francisco, California
vadigan General Hospital, Vedical Technical Litrery, Tocoms, Washingtom
Picatinny Arscnal, Corr=zziz2g Officer, Dover, New Jersey, Attn: (RIB3-VS3

Quartermster Tood and Coztoiner Institute, Library Pranch, 1819 ¥est Rershing Road,
Chicego 9, Illinois ' : : '

Quarterraster Research cmi Fngineer Field Evaluation Agency. Corranding Officer, Fort
lee, Virgatia, Attn: Teciaical Likrary

Quarterscster Research ==z Ingineering Center. Cormanding General.. Netick, 'I'zssucbu.nettl.
Attn:  Technical L\}:mry

Redstone Arsenal, Corzoncer, Redstone Arsenal, Alctoma, Attn: COPDON-HY

Valley Forge Arry Hnsgital, Corranding Officer, Fhoenixville, Pennsylvcnia, Atta.
istranas

LS Arry., Maska, AFO 943, Seattle Woshington, Attn: Chief Surgeom
LS Arry (herical Conter, Jarecter of Yeaical Pesearch, Arry Chericsl Center. Marylamd
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1 US Arzv Chemicul Corps Biological leboratories, Tort Detrick, Maryland., Attn: Likraricn
1 US Arew Chesical Research and Develoz-ent loborarories. Cormranding Cfficer, Technicul
litrary, Puilding 330, Arvy Ciemicel Canter, Maryland, Attn: Likrarien
1 S Arvy Cemren ond Ceneral Staff Csl.egw. Lilrary Services Brunch (Archives) Fort
Leavenworth, Kmisas
1 LS Arzy hispensary, Springfield Armory, Springfield, Mossachusetts
1 US Arsy Frginecr Rescarch and Develez~ent laboratories, Fort Relvoir, Virginia, Attn:
Tectnical Decuments Center )
1 US Awvy Enviroimental Hygi“ne Agency. Cernanding Officer. Asmy Chemical Centec, Maryland
4 1S Arzy-Europe, Medical Pivision Plans end Operations Sraick, APO 403, New York, N. Y.
1 US Arwy Furope, Yed! cu.! lalorarory, Tejartmmt of Micrdiology, AFD 180.US {orces,
Nve York, New York
1 US Arsy Hospital, (‘oﬁm.uug Officer. Fort Lee, Virginic, Attn: Medical Likrary
1 1S Arsy Infontry Muran Beswarch Unit. Director of Reswurch, Post Dffice, Box P0R6,
Fort Penning, CGeorgia, Attr: Libkrory

1 LS n'-v Li-zdership, Puran Research Unit, Litrary, Post Cffice Box 787, Presidio of
‘ertercy, California

1 \xry Medicu! Cowmand, Jupin, \'ecr-"l Generai loboratory, (406) AFO 243, Sen l"rqncrsco,
(’uu(or'uc Attn. Colonel Carl F. Tessmer. Cormonding

2 US Arsy M dica) licison Branch, Gffice of the Chief Sux.,eon. Gorgas Hospital, Balbea
Heights, Canal Zone

1 US Azay Vedicol Eesearch Unit, Fureie, Coricnding O”n:er. AFO 180,. New York, New York

1 S Aray Yedical Research Unit, Corroraing Officer, Panama Field, Fort Clayton, Canol Zone

1 US Arny YNedical Pesearch Unit, Cormancing Officer, Fort Detrick, Maryland

1  US Army Yedi~al Receuarch Unit, Corruraing Officer. Institute for Mediml Research,
Kwle [urjur, Milaya

1 US arsy Crdnance Arsenal, Frankfora, Fhiledelphia 37, Pemmsylvania, Attn:- CALHA-1734/

65-1. Mr. A. Charles Xarr
1 S Arey Ordnunce Tank-Automotive Corrand, Detroit Arsesal, Center Line, Michigam

1 us lmy Pesvarch Cifice, Chie{ of feseirch and Developwent, D»pxrtman! of the Armmy,
echington 25, D. C.. Attn: Scientific Information Eranch

1 - US Arsy Signal Reseorch and Develogrent lak orutoty, Office of the Comranding Officer,
Fort ¥cumcuth, Nes Jersey, Atwa: SIGIV/ADT-E

1 s Ar-y Stardardization Group, Cancea, Senior US Army Standardization Representative,
c’o US *my Attache, U'S Frhassy, Cttawa. Mhtario, Cunaca, Attn: Cclonel Joseph R.
Blair, M. Vedical Liaison Officer

! 1S Arsy Trarsportation Research Cirrand, Tort Fustis, Virginia, Attn: Research
Feference Center

1 US Arzy Trojical Ruseurch Medical latcratery, AFO 85]. New York, New York

1 US Contirental Arzy Lu’l’ﬂnd Vedical Section, Fort Monroe, Virginia
e oo oo b %alter Reed lruy lnsutnle of Reroarch. Nepartrent of Atomic Casualties Studies, %alter
’ Peed Arry Medical Research Cents., wcshington 12, D. C
3 %alter Reed Arny Institute of Research, Director, ¥alter Reed Arry Medicul Center,
¥ashington 12, D, C
.1 Salter Reed Arsy Hospital, Arzy Audm)oqy and Speech Ceater. forest Glen Section,
dashington, D. C.
1 Walter Peed Arry Vedical Conter, US Arcy Vedical Service, Historical Unit, hshmqton
. C.. Attn: General Refercrce and Pesearch Uranch

1 .lt»t Reed Arry@ledical Center US Ar-y Prosthetics Research [uborctoq. Command i ng
Mficer, ¥ashington 12, D. C

AGENCY - US NAVY
1  Pureau of Aeronautics, (AE-14) Departrent of the Navy, ¥ashington 25, D. C.
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Bureou of Medicine ard Smr;-ry: Director Pesecrch Division, Deportmenmt of the Navy.
dzshingron £5, D. C, o .

Pursau of Noval %wcpons, (PAAE-13) Navy Pepcri-ent, Washiugtom 25, D. C.. Arta: Capt.
%zltnn L. Jones, MC, U'SN . .

PFureaqu of Yards und Tercks. [b}\frtr‘-n( of tie Navy, Washington 25, D. C.. Attn: Code
D- 440 ‘

CLief of Neval Air Technical Training. US Nevel Air Station, Memphis 75. Tennessee,
Attn: Stelf Vedicai Officer

Chief of Naval Cperations Off .ce, Operations Fvaluation Grouwp, (QpOXL) Nepartment of
Tre Muvy. Washiagten 25, D. C. - i - ‘

Chiet of Nuvai Air Beserve Training, Staff Medical Officer. US Naval Air Station,
Glensiew, [llincis . ! :

‘Kavz )b Aig Waterial Center, Director, Air Crew fjuipment Lotoratory, Fhiledelphia 12,
Peonsylvania ! :

Nuval Medical Pewee:ch Instatuts, Notionol %evel Vedical Center, Technical Beference
library, Uethesug 14, Marylond

Maval ¥edjcal Beseurch Laborctory, Technical Library, Code S111, Box 100, Naval Submarine
Bise, New london, Connecticut * .

Yaval Res-arch, Coge 3454, Departrzent of the Nzwy, Washingtea 25, D. €.

NGval flesearch, Code 488, Specinl Assistent for Medicul ond Allied Sciences, Department
of the Navy, Washingtoa 25, i, C. :

Naval Hesearch Branch Office. Conmunding Officer, Navy 100, Box 38, Fleet FPest Office,
New York, New York . ’

US Nuval Air Dewloprent Center, Simulation Rrench, AIL, Johnsville, Feansylvazia,
Attn: De. W. AL Bradley . )

US Naval Air Developrent Center, Aviatrien Medicol Acceleration latoratory. Johnsville.
Pennsylrania, Attn: Libiarian
Port Hueneme, California

U5 Noval Medical Neuropsychiatric Research Unit, San Diego 52, California

t'S Maval VMissile Center, Corrander, Point Mugu, California, Attn: Technical Library

US Naval Medical Field Research laboratory. Cor-anding Gfficer, Camp lajeune, North
Carolina, Attn: Litrarian

US Yuval ¥edical Schuol, Corrandiny Officer, N:tional Naval Vedical Center, Bethesda,
Yaryland .

LS Maval Ordnance Test Station, Medical Officer (Cude 83) Station Hospital, China Lake,
Califoinia .

1N Noval Radioleqgical Defense laboratory, Cerionding Officer and Director (222), San
Francisco 24, Califoraia : . . .

US Neval Research Laboratory (Code 512C) %ashirngtoa 28, D. C.

V'S Naval Research Lahoratory (Code 2027} Director, Washington 25, D. C.

US Neval School of Aviation Vedicine , Director, US Naval Aviation Yedical Center - 54,
Pensacola, Florida

US Naval Supply Research and Devele;rent Fecility, Clothing and Textile Division, 3rd
Avenue und 23th Street, Rrooklyn 32, New York, Attn: likrory

U'S Naval beapons Plant, Fxperiventc! Diving Unit, Washington 25, D. C.

ACENCY - AIR FCECE

Bir Force Flight Test Center, Human Facters Bremch (FTHIH), Edwares Air Force Base,
California ) o

AIR EESEARCH AND DEVELCFVENT COMVAND

Air Pesearch and Develojrent Conrand, (ROGEL) Andrews Aig Force Base, ¥ashingtom 2§,
D. C.

Wright Air Developrent Divizion, Bio-Acoustics Rranch, Vright-Putterson Air Force Base,
Chio, Attn: WWHIA _ ;

%1134t Air Neveloj-ent Tivision, US Air Force, Sright-Mutterson Air force Base, Chio,
fttn: WWRIAS (labrary)

US Naval Civil Engineering laboratory. Carranzing Officer and Director (Code L31)
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Aeraspace Yedienl Likrary, Wright Aic beveloprent Division (%W:DAS) ¥right-Patterson
Air Force Base, (Ctio

Air Force Cormand znd Control Nveloprent Divisien, Cporanmal Applications Office,
(CCF#) lourerc~ G, Hanscom Field, ‘r".ufrrd Massachusetts

Air orce Director of Pesearch and Techrology, I'S Air Foree, ¥ashingten 25, D. C.
Attn:  AYTAT-HE

Air Truining Ca =and (ARCSG-P) Bundolph Air Force Buse, Texos

Arctic Aeronediczl lanoratory, Commsrd—r, 170 731, Sqattle, h:sh;ngtco. Attn: Libkrary

Assistant for Ground Sufety, I(S/P, Headzuarters, (S Air Yorce, Washiigtom 25, D. C.

Brooks Air Foree Sihool of Aviation Vedicin~, {SUSUH-P), Prooks Air Force Pase. Texas

tangley Besearch Center, Naticnal Aeroncur.  anc Sjuce Administzation, longley Field.
Yirginia, Attn: Librarian

US Air Force Aeroviace Medical Center, (ATC) US Air Force Hospital, lackland Air Force
tase, Texus ]

US Arry dir Defense Commund, Cormund Surgeon, Int Air Force imse, Colorado Springs.
Colorado

US Air Ferce Strategaic Avr Compand, Offutt Air Force Pase. Nebraska

GOVERNMENTAL - AGFNCIFS

Argorne Natiornzl laboratory, 9700 South Cuss Avenue, Argonne. [llinois, Attn:
toylande ). Youmgy

Central Intelligrace Agancy., 2430 E. Strewt, N.W., Wushington D. C.. Attn: 1331 R .and
S Puibdang

(hief Defensé Atomic Suprort Agency, Fishington 25, D. €. Attn: Document labrugy Br

Civil Acreredict] Besecéch lustitute, Pederal Aviction Ayency, Post Office Pox 1082
Cklahkoma City, <lchoma .

IxLxury of Congrass, Science and Technology Division, Weshington 25, D. C., Attn: Dr.

Jucobius

.‘Jﬂ!lor.-!l nsut ste of tealth, hbrmy. Building 13, Hoom S\118, Bethesda 14, Marylaod,
Attn: 3Synisitions Section

National Library cf te dicine, Wastington 25, D. C., !ttn Acquisition Section

Nationul Iustitutes of Health, Division of Reseatch Grents. Information Office, Bethesda
14, Muryland

Naticiul Research Ceuncil, Division of Ydicul Sciences, Mecicul Hecords, 2101
Constitution Avenue, N.W%. ¥ashington 25, D. C. ‘

UTHER AGENCIFES

‘Arctic Healtk Rc<warch Center, Library, Box 960, Anchorage, Alaska

Avro.Space Division, Chief, Space Medicine Sectiorn, Boeing Airglune Company, Seattle 24,
Washington, Attn: Dr. Porney H. Lowry (Rox 19-29

%ceing lirplane Cozjany, Likrary, Wichita Division, Wichita 1, Kansas
Rocing Airplane -Corpany, Central Medical Library, Pex 11-40 Fost Cifice Box 3707, Seattle
24, V¥ashington

Chrysler Corporation, Box 1118, Engineering Research Dejartrent 921 Detroat 1, Michigan
Attn: John Verscce, anuwennq Psychologist

Division cf Radiolngical Health - R3S Nepartment of Health Fducation and %elfare, Room
5029, Scuth HEw Muilding, ¥ashington 29, D. C.

Iord Votor Company, Technical Inforration Scction, Screntitis Inkeratory, Post Nffice Box
2053, Deastorn, ttichigan

Geweral Electrie Com;uny, Advanced Flectronic Center. Cornell Lmversny. Ithcca New
York, Attn: lilrary

Ceneral Llectric Company, Techaical Military Plarning Qperation, 735 State St, Sunta
Barbura, Calsfornia

John Crerar Library, 86 Fust Mandolph Street, Chicago i, Illinois

Ninijs County MHospital, Nepartment of Anesthesiology. Prooklyn, New York, Attn: Dr. S.
. Weitzner : ’
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Lenkencu iespital, Division of 3esearch. laaccster and City Line Avenve, Fiiladelphia 31,
Pennsylvania

 Mayo Cl:nic, Pochester, Mizaesotw. Attn: Da, ¥eeneth N, Ggle, Section cf Biophysics

“ercy Hospital, Anesthesiz Fesearch Laborztoiy, Pittsbugh 13, Penrsylveic

b

Nati1omal A-rercutics snd Sonee -\aﬂmstrutinn. 1570 H. Street, N. W.. sestirgton 25,
D. C.. At:n: Pertrar A. ¥Yulechky, Assistent Director for Technic) izfornation

Pand Corporatiun. 1700 Mairn Strert, Santa Merics. Califernia.  Attm: Litrary

S;ace Technology Loborateries, Stbcormittee on Neise, 3C7 South Alvaredo Street. Los
3rgeles 37, Califarnin

Syster: mesearch Center, lockhood Electronics Corpony, Post Office Box 37, Bedminster,
New Jersey, Attn: Mr. Bclert T, Weter

Yerke s lakoratories of Priz:te “iology. I:ncorpom!;-d, Cxange Park, Fleriga, Artan: A.
J. liopelle

MEDICAL COL1EGE/SCHOOL LIx "A‘HFS AND DEPARTMENTS
Alkany Macicul College Likrary, New-Scotlard Avenue, Albeny 8, New York
Bowmen ray, School of Medicine Lakrary, Winston-Salem, North Carolina
Brown University, Provigence 12, Rhade [sland, Attn: Professor lorin A. Riggs
Broer Unuversity, Providence 12. Fhode-Islond, Attn: Prof. Harold Schlosterg, Consultant

Collime of Medical Evanjelists, White Mwmoricl ¥Medical Likrary. 1720 Broexlyn Avenue,
los qmeles 33, California ' '

Colle,e 0 Yeducal Fvangelists, Vervier Rudcliffe Memorial Likrary, Lom Linda, Californis

Uollege of Physicians of Philadelphia, Litiary, 19 South 22na Street, Philcdelphia 3,
Punnsylvania

Colurkia iJriversite, (“:}-G((W‘.n(’ﬂ‘ Psychelogy, Nes York 27, New York, Atta: Dr. C. H.
Grahan .

("olurl1a University Vedicc] Litrary, 630 ¥est 168th Sireet, New York 32, New York
Cornell University Medical Coilege Library, 1300 York Averme, Mew York 2!, New York
Creighton University, Meaical-Phormaey Likrary, 14d Duven;:ort; Oauha 2, Nebraska
Jurtrouth Collige Medical likrery, Baker Building, Hanwer, New Hampshire

:ror} University, Departrent of Fsychology, itlonta 72 C.«-orqm. Atta: Tr. Farl A,
*Adluisi :

Horma State Unu.-rsny. Depertsent Poycholegy, Tullahassee. Florida, Attn: Dr. Wm,
. Dawson

" Ge orge sashington University, Huran Resources Research Office, P.0O. Pox 2536, Washington

7, D. C., tin: Likzary
Harvard Vedical Litrary, 25 Shattuck Street. Poston IS5, \'assnchusetts. Atrn: Librarian

Hervard School of Public Healti, Departrent of prdevrlolo';y. 1 Shat tuck Street, Boston
15, Vussachusetts

Indiena University, Pepartzent of Psycholoswy, Bloorinqlon, Indiana, Attr: Dr. R. C. Davis

Indiana University Yedicai Center. School of Medicine Lﬂ:rary. 1100 ¥wst Vichigan Street,
Incian polis 7, Indiuna, Atty: Likrarian

Indiona Uriversity Medical Center, 100 dest Yichigan Street, Indianapolis, Indioma,
Attn: . Barris B. Shu-acker. Jr., Prof. of Suryery

JIndiara University, 3nator;-Physiology Deicrtrent, Bloorington, Indiams, 2ttn: Dr, Sid

Rotinson

Jefferson Yedical College litrory, 107> %alnuy Street, Philecelphia 7, Fernsylvonia

Johns Hopkins University, Welck Vedical L:krary. 1900 F. Yonurent Street, Rultircre 6,
taryluna, Attn: Likrarion

Karras Stote University, lejurtrent of Fsychkology, Mashattan, Kansos, Azem: Dr, William
Revan, Chairron

‘urjuette University, Yecical Tental L;“rury. 5(-0 North 15th Street, Nile:zigee 3, Wisconsin
Attn: Lilticrion .

vudical College of Vitginsa, ur,nu -VcCas Litrary, Richsond 19, Virginia
Atwtn: Litrarion
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1  New York Acodemy of Medicine, Libtrary, 2 East 10%d Street. Nes York 29, New York
1 Nes York University. College of Frquneering, fesearch Division, 257 Seventh 3venue.

New Yorx 1, New York, ttn: Associate Project Director
1 .‘s‘e:_ Yo{'k k’mvexauy Yegiczl Center. Medical Librare, 550 First Avenue. Nee York 18,
New Yor
1 .'\'n;!h-estarn University. Nepartwent =f Psychology, Evensten, Illincis. Attn: William
. Hunt

1  Hortheestern University Medical School, Archikald Churca Library. 333 E. (hicogo Avenue,
Chiccgo 11, Illinnis, Atta: Ll.brarmn

1  Chio State University, Tke Chemical Abstracts ‘?ervu:e. tolurhus 10, duo

1  (hjo State Uriversity, Resecrch Center, Psycholinjuistics luboretory. 1314 Kinnear Toud,
Coluzrus 12, (hio

1  (hio Stute University, Tepaz lairary, School of (pteretry, 238 West 10th Avenve,
Colunkus 10, Chie

1  Hush Medicol Coilege Library. 1758 West Horrison Street. Chicayo 12, Iilinois

1 Stonford University. lone ¥edical Licrary, 300 Pasteur Rood. Pale Alte, California

1 Stanford University, I\epertnent of Thysiclegy, .tcnfold ('ulilornia. Attn: J. WM.
Cn.saon. Y. D,

1 . Louis University, “edical School Litrary, 1802 South Grand Elvd, St. louis 4, Ho.

1  Stote University of Iovu, Colleye of Medicine Likrary, ¥ d:cul Iotoratories Building,
fowa (ary, Jowa

1 State Universit iee York, Tioenstate Vedicul Center, Depcrtm—-nt of lne;thesxolngy.
450 Clareson Xvenue. Brooklyn 3, New York

1 State Cniversity of New York., Nownstate Yeaical Center, Meuical Likrary, 450 Clarkson
Avenue. Brooklyn 3., New York, Attn: lilbrariaa ) )

1 Texas ¥edicul Center Library, Jesse H. Joues Likrary Fu: liing; Houston 28, Texas

1 Tufts Vniver sity Institute for Agpliea Ixperizental Psychology., Meaford, Massachusetts

1 Tulcne l.'mversxty School of Medicine, 1423 Tulane Avenue, New Orleans 12, Touisiana,
Attn: Ir. G. E. Purch. Professor of Medicine

1 Varderbilt University School of Medicize, Nashville §, Tennessee, Attn: Dr. George R.
Veneely, Director, Nadiocisotope Center

1 W%est Virginia University, Medical Center lLibrary, Morgantosn, West Virginia

1 University of Alakama, 1918 Seventh Avenue South, Birringhom 3, Alckoma

1 University of Arkansas, Medical Center Likrary. 430! West Matkhar Little Rock, Arkansas

I  University of Buffalo, Health Sciences Litrary, Buffalo 14, New York., Attn: Librarian

1  University of Buffalo, Depurtment of Psychology. Buffalo 14, New Yerk

1  University of California Medical Center, Biomedicel Likrary, Los Angeles 24, California

1 University of California 1301 South 45th Street, Rickrond 4, California, Attn: Civil
Defense Research Project

I University of Chicago, U.S. Air Force Radiution laboratory, 930 58th Street, Chicugo

! 37. lllinois
1  University of Cincinnati, Kettering Laborotory, Eden ard Bethesda Avenues, Cincimati

9, Chio
1 University of }Florida, Co]lege of Medicine, Department of Physiology, ('nmsnlle. Florida,
i Attn: . Melvin J. Fregly

?  University of Illinois, Aeroredicul Lul:orulory, 340 S. #oca Street, Chicago 12, 1llinois

! 1 University of Illinois, Training Research lakoratery, Departrent of Psychology 45

o - Lincoln Hall, Urkona, 1llinnis, Attn: loesrence ¥, Stolurow

1 Universaty of Illinocis, Documents Division Liktrary, Urtana, Illinois

1" University of Yonsas Mediea] Center, Clendening Medical lakrary, Kansas City 12, Xonsas .

3  University of louisville, School of Vedicine Litrory, 101 ¥. Chestrut Street, louisville
2, Kent

1 University of “aryland. Heulth Sciences Litrary, Serials Neuartment. 111 South Greene
Street, Raltirore 1, Varylamt

1 University of *ichigon., Sericlz and Docurents Section, General Library. Amn Arbor,
Vachigan
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Uriversity of Minnescta Likrary, Serials Division, Minneapolis 14, Vingpesota )
Uriversity of Misseuri, Yedicul Likrory, Rocx Y210 Vedical Sciences Building. Colurtia,
Vissouri
University of Nebruska. College of Wedicine Litrary, 42nd and Dewey Avenve, Oeakha 5.
raska

University of North Carolim, Divisica of Neclth Affairs Library, North Carolim,
.\‘e-ormy Hespital, Chapel Hill, North Corolina :

University of North Caroling, Departesnt of Wedicine, Physiology and Envircasental
¥edicine, Chaged Hill, North Caroline, At:a: Dr. Rienard L. Dobscn

University of North Carolina, Departmen: of Physiology, School of Medicine, Chapel Hill.
Nworth Careling, Attn: AL T, viller, Jr.

Uriversity of Okluhesa Medicel Center Litrary, 8GL N. E. 13th Street. Oklchona City 4.
Jklahona )

University of Oregor. Vedicel School .liﬁrary. Portlapd 1, Cregon, Atrn: Likrariaen
University of Pitvsturgh, Falk Likrary, of The Health Professiens, Pittsturgh, Pa ‘
L"njvexsuy of Pitisburgh, Graduats School of Public Herlth, Pittsturgh 13, Pennsylvania

Uniz:rsity of Rochesier, Atomic Frergy Project, Techaical Beport Contrel Unit, P.O. Box
207, Stativs J, Rochester 20, New York

University of Rochester, Schuol of Deatistry, 260 Critterden [\ ulevard, Rochester, New
York, Attn: Jemes A De%eese :

Universi.y of Rechester, Strong Memoricl Hespital, 260 Crittencen Roulevard, Rochester,
New York Atta: Dr. Herran E. Pearse, Prof. of Surgery

University of Scuthern California, School of Vzdicine Likrary, 2025 Zonal Avenue, los
Aageles 3, California, Atta: Dr. Viira Proctor

Uriversity of “outh fukota, Vedical Likrary, Verrillion, South [uketa

University of Tennessee, Colleje of Medicine, Clinical Physiolegy, Institute of Clinical
Investigation, 62 South Lunlup, Yerphis 3, Terncssee

tmiversity of Ternessee, Yedical Units, Mooney Merorial Library. 62 South Dunlap. Merghis
3 Ternessee, Atta: Librarion

L’niversig of Tennessee, Departzent of Becteriology, Knouville, Teunessee, Attn: Dr.
D. Frack Holtman .

Uriversity of Tenuncssee, Dejartzent of Microtiology, 856 Madison Avenue, Knoxville,
Temnessee . Attn: Dr. Fay C. Womack

University of Texos, Meaical Branch Litrary, Gulveston, Texas, Attn: Litrarian

University of Utah, Yedicael Litrary, Salt lcke City 12, Utah

University of Virginia, Psychological loteratary, Peckody Hall Charlottesville, Virginia

University of Verzont, College of Vedicine Litrary, Purlington, Vermont

University of Washington, ileclth Sciences Litrary, Seattle %, ¥ashington, Attn: Litrariam

University of Wisconsin, Medical School Litrary, S¥I Bldg. N. Charter St. Madison 6. Wis

University of Wisconsin, Psychological Akstracts, 600 N. Park Street, Modison 6, Wis
FOREIGN

British Navy Staff Office, Arry Vedical Licison Officer, Benjomin Franklin Station, Fost
Office Box 165, ¥ashington, D. C., Attn: F. P Ellis, Surgeon Captain, Royal Navy

Pritish Arry Vedical Ligison Dfficer, British irry Staff, British Erbessy, Washington 8,
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